Purpose -The purpose of this paper is to evaluate and analyse the criteria and sub-criteria of an excellence model for construction that would aid construction contractors in measuring and improving their business performance. Design/methodology/approach -The methodology of evaluation was based on similar evaluations of total quality management frameworks and excellence models in the literature. The developed model was measured via a questionnaire survey. The questionnaire as a measuring instrument was evaluated in terms of reliability and validity using techniques such as factor analysis, multiple correlation, and Cronbach's alpha. The weights of the criteria were empirically calculated using factor regression coefficients. Findings -The criteria and sub-criteria of the proposed construction excellence model were confirmed using empirical data, and the criterion weights were suggested on an empirical / scientific basis. Research limitations/implications -The model is limited as a managerial tool: it can increase the chances of success, but not guarantee it. The model was evaluated on, and therefore limited to, large construction contracting organisations. Originality/value -The main benefit of the construction excellence model is that it provides criteria and sub-criteria for an excellence model developed for and evaluated by construction companies. It has a more comprehensive and wider coverage of performance criteria relevant to the construction industry than other excellence models.
Introduction
Over the last few decades, many quality management models have been adopted for improving performance. The most utilised models are the European Foundation for Quality Management (EFQM) Award and Excellence Model in Europe (EFQM, 2007) , the Baldrige Award and Excellence Model in the USA (NIST, 2007) , and the Deming Prize and Model in Japan (Tan, 2002) . The EFQM and Baldrige models have gained much popularity in the last two decades. Beatham et al. (2002) reported different uses of the EFQM model applied to construction. The implementation of total quality A construction excellence model sub-criteria of the model were measured in the analytical part of a questionnaire survey. The criteria and sub-criteria were measured for both their importance and actual performance within the company of the respondent. Third, the data collected was prepared for further analysis through coding, missing data analysis, and data exploration. Fourth, the questionnaire was evaluated as a measuring instrument in terms of reliability and validity. Fifth, the criteria and sub-criteria were evaluated through their importance measurement, via factor analysis, and through their effectiveness measurement. Finally, weights of the model criteria were computed on an empirical basis using factor regression coefficients. The steps of evaluation are discussed in the sections to follow.
The proposed construction excellence model The construction excellence model under evaluation was developed and described in Bassioni et al. (2004a Bassioni et al. ( , 2005 and is illustrated in Figure 2 . The model is divided into enabling and results criteria. The enabling criteria include: leadership; customers and stakeholder focus; strategic management; information and analysis; people, partnerships, suppliers, physical resources, intellectual capital, risk, work culture, and process management. The results criteria include: internal stakeholder; project, external stakeholder; and organisational business results. The logic of the model starts with leadership as the main driver for change and improvement in organisations. Leadership should guide the focus on customers, people and other relevant stakeholders, which in turn should guide the development of strategic plans. The strategic plans are further detailed into functional or programmatic business plans that are translated into processes for implementation. Once implemented on projects and throughout the organisation, improved internal stakeholder results should start to appear (internal in terms of being under direct influence of management), such as that of employees, suppliers and other internal stakeholders. This will reflect on project results that would further affect customer and external stakeholder results not under the direct management influence of the organisation. The outcome is business results being achieved on the organisational level. Work culture is seen to be driven by leadership, and affecting other enabling criteria, whereas information and analysis is also driven by leadership and supports all other criteria throughout the model. The bi-directional relationships between information and analysis and other criteria provide forward and backward loops of information among criteria.
Measurement of model criteria and sub-criteria
The measurement of the model's criteria and sub-criteria was conducted through a questionnaire survey. This section discusses the design of the questionnaire showing how the criteria and sub-criteria were measured, and the sampling approach of the survey.
Questionnaire design
The questionnaire is divided into three questions, as can be seen in the Appendix ( Figure A1 ). The first question aims to identify the importance of each criterion in improving organisational business performance results. It uses a five-point Likert scale ECAM 15,1 Figure 2 . The suggested construction excellence model A construction excellence model with 1 being "Not important" and 5 being "Extremely important". It should be noted that the terms: factor and sub-factor, used in the questionnaire, resemble the criterion and sub-criteria of the model. The second question addresses the enabling criteria and their operational definitions. Each operational definition is rated on how well it defines its overarching enabling criterion on a five-point Likert scale with 1 being "Not important" and 5 being "Extremely important". Each operational definition is also rated on how effective it is in the organisation on a five-point Likert scale with 1 being "Not effective" and 5 being "Extremely effective". The third question addresses the results criteria and their operational definitions. Each operational definition is rated on how well it represents its overarching results criteria on a five-point Likert scale with 1 being "Not important" and 5 being "Extremely important". Each operational definition is also rated on its actual performance in the organisation on a five-point Likert scale with 1 being "Very weak performance" and 5 being "Very strong performance". In order to verify and improve the questionnaire design, a pilot survey of six questionnaires was sent to three professionals and three academicians for review. The model itself, in its diagram form, was not included with the questionnaire, as its logic was evaluated in previous research (Bassioni et al., 2005) , and the objective is to evaluate and analyse the criteria and sub-criteria.
Sampling approach
It is often not possible to survey an entire population for practical and cost reasons, and therefore a sub-set or sample of the population is more suitable for study (Brewerton and Millward, 2001 ). The sample targeted in this research consisted of construction contractors having a turnover of more than £10 million. The reason for this selection is that companies of a smaller size might not have used some of the advanced methods entailed in the questionnaire. The sampling frame, which is a list of members of the research population (Gill and Johnson, 2002) was obtained from the New Civil Engineer Contractor File (New Civil Engineer, 2003) , the FAME database (FAME, 2003) and web searches. The questionnaire was sent out to 120 construction contractors. The total responses and sample size was 50 and the total response rate was 41.7 per cent. This high response rate can be possibly attributed to the interest in the topic of study and to adopting some of the "improving returns" techniques suggested in Cooper and Emory (1995) such as personalised approach, follow-ups, questionnaire length, anonymity, and final report incentive.
Data preparation
In order to prepare the data for the data analysis, the data were coded and missing data analysed. Furthermore, the data were explored for basic descriptive statistics, normality of distributions and correlations, as shown in the following sub-sections.
Coding and missing data
To facilitate the analysis and handling of data through specialised computer programmes, the data variables require coding (Hussey and Hussey, 1997) . Consequently, the variables of the questionnaire concerned in this research were coded. New variables were computed for each criterion by summating the actual effectiveness scores of their underlying sub-criteria, thus giving an indication of the actual performance of each criterion.
Missing values can cause problems with some statistical techniques and could be resolved by either deletion or replacement methods (Hair et al., 1998) . A missing value analysis was conducted on the Statistical Package for Social Sciences (SPSS) software to evaluate the magnitude of missing data before deciding how best to handle them in statistical techniques. A maximum of two missing values were found in less than 3 per cent of variables, which indicates a low percentage of missing values. The mean of the variable was used to replace missing data (Hair et al., 1998) . One respondent did not answer any of the "sub-criterion importance" questions, and was therefore discarded from the analysis, thus leaving the sample of sub-criteria importance variables being 49 responses.
Data exploration
The mean and standard deviation of each observed variable were computed in the missing value analysis. The normality of the distribution of each variable was assessed, where the skewness and kurtosis values were computed. The assessment of normality was initially based on the values of Z skewness and Z kurtosis that were calculated from the following equations, as expressed by Hair et al. (1998, p. 72) , in terms of the sample size N:
These values were compared to 2.58 to assess the significance of the normality assumption at the 0.01 level (Hair et al., 1998, p. 73) . If the variable was found to be non-normal, it was further assessed for the degree of non-normality according to the criteria of Curran et al. (1996 in Byrne, 1998 . Curran et al.'s criteria considered distributions with skewness between 2 and 3 and kurtosis in the range of 7 to 21 to be moderately non-normal, whereas skewness of above 3 and kurtosis of above 21 were considered extremely non-normal. The reason for this assessment of degree of non-normality is that many statistical techniques are robust and can withhold deviations from the normality assumption (Stevens, 2002, p. 263) . The only variable that has shown extreme non-normality was the importance of leadership in determining business performance (Question 1-a). It should be noted though that the variables showing moderate or extreme deviation from normality are all negatively peaked, which means they have higher concentrations towards their maximum values.
Evaluation of measuring instrument
The measurement of variables in a theoretical framework is an integral part of research, and abstract concepts should be measured through physical/actual measurement of their operational definitions (Sekaran, 2003) . This concept of developing a measuring instrument in quality management research has been used to confirm the abstract constructs/criteria of Excellence Models (Wilson and Collier, 2000) and TQM frameworks (Ahire et al., 1996; Anderson et al., 1995; Black and Porter, 1996;  A construction excellence model Saraph et al., 1989) . Similarly, the actual effectiveness measurement of the sub-criteria in Questions 2 and 3 are used to measure the abstract criteria and are termed as the "measuring instrument".
To evaluate the characteristics of the questionnaire as a measuring instrument the issues of reliability and validity are key considerations (Brewerton and Millward, 2001) . Reliability indicates the extent to which the measurement instrument is without bias, i.e. produces stable and consistent data in measuring concepts (Sekaran, 2003) . Validity, on the other hand, gives an indication of the certainty of the instrument in actually measuring the concepts it is intended to measure (Brewerton and Millward, 2001 ). The following discussion overviews an analysis of both issues in the measuring instrument. Reliability is a necessary but not sufficient condition to validity (Cooper and Emory, 1995) , and is therefore discussed first.
Reliability of measuring instrument
As explained above, reliability addresses the consistency of results. It is mostly measured by Cronbach's alpha, which is an indication of internal consistency and the degree to which items are homogeneous (Cooper and Emory, 1995; Saraph et al., 1989) . The value of Cronbach's alpha was computed for each criterion, or in more technical words, for the construct or abstract concept. Computations were carried out on the SPSS software. Table I shows these values, the number of items (sub-criteria) of each construct (criterion) and the 95 per cent lower and upper confidence limits based on tables in Duhachek and Iacobucci (2004) .
The acceptable value of Cronbach's alpha is recommended to be 0.6 for new scales, such as the one used in this study (Flynn et al., 1994; Hair et al., 1998) . Of the 16 criteria, 14 had values that exceeded this recommended level and ranged from 0.71 up to 0.92. The "project performance" criterion had an alpha of 0.5886. However, in order to Criterion (construct improve reliability, SPSS provides an expected value of alpha if a certain item were to be deleted. Item (sub-criterion) "d. Society and environmental impact of projects" was found to have the largest impact on reliability improvement and was, thus, deleted to improve the reliability of the measuring instrument. The resulting Cronbach's alpha became 0.6406 as indicated in Table I . The deletion of this item is acceptable from a computational standpoint since five items were used to express the underlying construct, and the deletion of one would leave four items to express the criterion. However, in the case of the construct "organisational business performance", Cronbach's alpha was found to be 0.5702, but this criterion was defined by only two items and deletion of an item would essentially separate the concept between financial and non-financial performance. Moreover, the alpha value is quite close to the acceptable value of 0.6. Accordingly, and in order to represent the concept in its entirety, both items are retained.
Validity of measuring instrument
As previously discussed, validity indicates that the instrument is measuring what it is supposed to measure. Three types of validity are most common in business and organisational research: content validity; construct validity and criterion-related validity (Brewerton and Millward, 2001; Sekaran, 2003) . Content validity. Defined as "the extent to which it provides adequate coverage of the topic under study" (Cooper and Emory, 1995, p. 149) . This type of validity is mostly based on the analysis of the target domain required, and drawn on expert judgement (Brewerton and Millward, 2001 ). Content validity is demonstrated in this instrument in two ways. First, the "analysis of the target domain" was achieved through the literature review conducted in previous papers, and the theoretical development of the model based on well-established models (Bassioni et al., 2004a, b) . Second, the "expert judgement" was based on the empirical evaluation of expert interviews and case studies (Bassioni et al., 2005) , and the evaluation of the questionnaire in the pilot study.
Construct validity. Shows the extent to which items of a construct measure the same construct (Flynn et al., 1994) , i.e. do not measure multiple constructs. Construct validity can be demonstrated by a factor analysis on the items of each construct (Cooper and Emory, 1995; Flynn et al., 1994) . Table II and Figure 3 show the factor analysis and associated Scree plot conducted on the sub-criteria of leadership using SPSS software. The extraction method used was "principal component analysis". It can be seen that only one factor was extracted in Table II , as its Eigen value is larger than 1, and the slope in the Scree plot of Figure 2 changes after this first factor (Hair et al., 1998; Tabachnick and Fidell, 2001 ). Similar factor analyses were conducted on the remaining 15 constructs of the measuring instrument and each resulted in the extraction of a single factor, thus reflecting the construct validity of the measuring instrument.
Criterion-related validity. This type of validity reflects the ability of measures/variables to predict or estimate a certain criterion (Cooper and Emory, 1995) . The criterion used in this analysis is the organisational performance criterion, as it encompasses the final goal of the organisation. The multiple correlation of this factor against all other factors was computed using SPSS and was found to be 0.831. This figure exceeds the acceptable level expressed by Makin et al. (1996) of 0.5 for excellent criterion-related validity, and is in line with the result of 0.8 reported by Saraph et al. (1989) to demonstrate criterion-related validity.
Evaluation of model criteria
The confirmation of the model's criteria is achieved in two ways. First the importance of the criteria is evaluated in determining business performance. Second, the actual effectiveness of the criteria is analysed using factor analysis. The two following sub-sections discuss each method of criteria confirmation. Importance of criteria in determining business performance Respondents of the survey were asked to rate the importance of each criterion in determining organisational business performance in Question 1 of the questionnaire. The results of this question are summarised in terms of the mean and lower 5 per cent confidence limit of each criterion, and illustrated in Figure 4 . These results were computed on an Excel spreadsheet using its embedded functions. The line chart shows an above average rating of importance for all criteria and close to maximum rating for many of them. Leadership, customer focus and people management showed the highest relevance, among all criteria, to improving organisational business performance. The only criterion having extreme non-normality (leadership), as discussed in the data exploration sub-section was negatively peaked. Its computed confidence limit based on normality is expected to provide an understatement of the actual lower confidence limits.
Factor analysis of excellence criteria
Confirmatory factor analysis differs than exploratory factor analysis in the postulation of a factor structure, whereas in exploratory factor analysis the factor structure is determined within the analysis (Cramer, 2003) . To ensure that the items load on only one variable a preliminary "exploratory factor analysis" is conducted on SPSS, then a confirmatory factor analysis (CFA) is conducted using a specialised statistical software LISREL (LInear Structural RELationships).
In the exploratory factor analysis, the method of principle component analysis was used on SPSS and the scree plot of eigen values is illustrated in Figure 5 . The scree plot indicates a single variable to be extracted as the eigen value of the first factor is 8.557 and the second is 1.308. The difference between both factors is rather large and the change in direction of the scree plot occurs after the first factor, thus indicating the appropriateness of extracting the first factor only. 
A construction excellence model
Confirmatory factor analysis is used to reassure the single factor structure as expressed by the CFA Model in Figure 6 , where the criteria of the Construction Excellence Model are related to a latent variable that is assumed to be "excellence". The term "latent" refers to a variable that is not directly measured or is unobserved (Loehlin, 1998, p. 1) . The CFA Model is expressed in the form of a path diagram with the rectangles resembling items of the CFA Model and the latent variable portrayed as an ellipse. The arrows point from the latent variable to the items of the CFA Model indicating that it is expressed in terms of the items (Cramer, 2003) . A similar manifestation of the EFQM Excellence Model as a CFA Model has been described in the literature (Eskildsen et al., 2001, p. 788) .
The computations of the confirmatory factor analysis were conducted on the LISREL software. The observed variables (criteria) were obtained by the summated scores of sub-criteria effectiveness. A program written in the SIMPLIS language was developed and the covariance matrix was prepared as input to the program using the PRELIS program that accompanies the LISREL package. The appropriateness of the CFA Model is determined by goodness-of-fit indices that indicate how well the data fit the model. A large number of indices exist in the literature and there is little agreement as to which one is appropriate (Cramer, 2003) . Of these indices, the root mean squared error of approximation (RMSEA) is gaining popularity (Loehlin, 1998, p. 76) and is considered the only index to satisfy the ideal properties described by Gerbing and Anderson (1992) of indicating the degree of fit along a continuum with bounded values; being independent of sample size; and having known distributional characteristics. The value of RMSEA in the LISREL output for the CFA Model is 0.099, which indicates a good fit since it is below the acceptable threshold of 0.1 (Cramer, 2003, p. 34; Loehlin, 1998, p. 77) . Therefore, the empirical data confirm the CFA model in Figure 6 , which illustrates the expression of the latent variable "excellence" in terms of the model criteria.
Evaluation of model sub-criteria
The sub-criteria of the Construction Excellence Model as developed from previous research are depicted in the sub-criteria of the questionnaire. These sub-criteria were A construction excellence model assessed in the Questions 2 and 3 of the questionnaire as to their importance in defining their underlying criterion, and their actual effectiveness in the companies of the respondents, as can be seen in the Appendix ( Figure A1 ). The sub-criteria of the model are confirmed in a manner very much similar to that of the model criteria, through assessing their importance and through a factor analysis to ensure the single construct structure.
Importance of sub-criteria in defining underlying criterion
The results of the importance of each sub-criterion in defining its criterion in the form of the means, standard deviations and 5 per cent lower confidence limits were computed on an Excel spreadsheet, using its built-in functions in a similar manner to the model criteria. The results show that the mean and lower confidence limits of sub-criteria were all above average and inclined towards the scale maximum of five points, hence confirming the importance of each sub-criterion in defining its underlying criterion. Furthermore, the negative skewness of these items indicate that even if a few of these distributions are not normal, they are nevertheless peaked and negatively concentrated towards the upper end of the scale, as explained with the importance of the criteria previously. Thus, the actual confidence limits are expected to be higher than those reported.
Factor analysis of sub-criteria underlying a criterion
The results of the effectiveness assessment of each sub-criterion were used in factor analysis to determine the single factor structure, which was previously conducted in the discussion of the content validity and was demonstrated in Table II and Figure 3 for the Leadership criterion. The factor analysis in all other criteria showed only one factor is to be extracted and thus confirms the single factor structure assumed in the criteria of the model.
Calculation of model criterion weights
The scoring system of the EFQM Excellence Model has been shown to vary across industries and has been criticised as not corresponding to the way companies are working (Eskildsen et al., 2001) . Different methods for assessing the actual weights of the model's criteria have been reported in literature. For example, Eskildsen et al. (2001) used factor regression coefficients. Cheng and Li (2001) used the analytic hierarchy process (AHP) to determine the weights of performance measures of a business process. It is difficult to assess which method is more accurate. Nevertheless, any of the empirical approaches mentioned would be preferred to "an arbitrary weight structure, which has never been empirically tested" (Eskildsen et al., 2001, p. 783) , as with the case of EFQM. Furthermore, a method that has been previously applied to excellence models would be preferred. The factor regression coefficients method was chosen in this research because it assesses the actual impact of each criterion on the organisation's performance, whereas with AHP requires expert judgement data that can be obtained from the importance rating of each criterion, but might affect the accuracy of outcomes in the paired comparisons process, as well as reflecting the importance perception rather than actual impact.
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To compute the regression coefficients of the criteria relevant to one another, they need to be loaded on a single factor. Hence, the CFA Model of Figure 6 , was used to reflect such a single factor structure. In this model, each of the criteria is loaded on a latent variable termed "excellence". The regression coefficients are computed for each criterion in predicting the latent variable "excellence". The computations were carried out on SPSS, and the results are illustrated in Table III . Moreover, the coefficients in their crude format might not be suitable for excellence scoring calculations and need to be presented in a more workable format. Therefore, weights for each criterion were calculated on an Excel spreadsheet such that the total weight of all criteria is 1,000. This was achieved by dividing the coefficient of each criterion by the total of all coefficients and multiplying the result by 1,000.
Benefits and limitations
The main benefit of the Construction Excellence Model is that it provides an excellence model developed for and evaluated by construction companies. It has a more comprehensive and wider coverage of performance criteria than other excellence models. Its underlying logic is also easier to understand and more user friendly. The limitation of the suggested model is that, as in all other models, it is only as good as whoever uses it. Thus, the model is merely a tool that clarifies what needs to be measured/improved, but in no way can guarantee success of the organisation. For example, if management pursues an inappropriate strategy or the economy takes a downturn, the organisation's performance would most certainly be affected, no matter how efficient the business models it uses. However, the use of the suggested model is expected to raise the chances of success and increase organisational performance in relation to competitors. Furthermore, the use of the Construction Excellence Model, by its nature, is targeted towards project-based industries, specifically construction, and 
Conclusion and further work
The evaluation and analysis of the criteria and sub-criteria of a Construction Excellence Model was presented in this paper. The evaluation and analysis was based on similar evaluations and analyses of TQM frameworks and excellence models in quality management literature. The analysis addressed the issue of data preparation, where missing data were analysed and appropriate data replacement methods used to complete the data set. The questionnaire as a measuring instrument was evaluated in terms of reliability using Cronbach's alpha, which resulted in the omission of the "Society and environmental impact of projects" sub-criterion from the "Project performance" criterion. Reliability of the measuring instrument is a necessary but not sufficient condition for validity. The validity of the measuring instrument is further evaluated in terms of content, construct and criterion-related validity using techniques as factor analysis, multiple correlation. The criteria and sub-criteria were confirmed through their importance ratings and actual effectiveness ratings employing confidence intervals and exploratory and confirmatory factor analysis. The evaluation and analysis of the model's criteria and sub-criteria strengthens the model's validity. The weights of the criteria were calculated using empirical data and the method of factor regression coefficients.
A number of future researches can be conducted in continuation of this research paper. The scope of the model could be expanded to suit the needs of other types of construction organisations, such as consultants and owner organisations. Modifications could include, for example, modifying the relative criterion weights in the Construction Excellence Model, for different types of organisations. The consideration of organisation size is another area of possible research, where spin-off models could be developed for small and medium enterprises. In addition, the criterion weights of national Excellence Models such as EFQM and Baldrige require empirical justification. Finally, within the Construction Excellence Model, alternative methods for computing criterion weights can be applied such as the analytic hierarchy process.
Appendix. Figure A1 . 
A construction excellence model
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